Measurement of enzyme activities
Glutamine synthetase (L-glutamate: ammonia ligase (ADP) (EC 6 . 3 . I .2). Enzyme activities were usually measured by transferase activity, although synthetase activities gave identical results. The assay solution consisted of adenosine diphosphate, I -5pm0Ie ; glutamine, 7opmoles ; hydroxylamine, I 7.5pmoles ; manganese chloride, 4-5pmoles ; sodium arsenate, 35pmoles; all in tris-acetate buffer, O -O~M , pH 6.4, 5 x IO-~M-EDTA, in a final volume of 2.0 ml. The assays were carried out at 30", and initiated by the addition of enzyme extract. The reaction was stopped by the addition of 1.0 ml. of a mixture of 10 g. trichloracetic acid and 8 g. ferric chloride in 250 ml. O-~N-HCI. The optical density at 500 nm. was read after centrifugation.
NA D-specijic glutamate dehydrogenase (L-glutamate: NA D oxidoreductase (deaminating) (EC I .4. I .2). The enzyme was assayed at 30" by following NADHz oxidation at 340 nm. The assay solution consisted of ammonia, 25 pmoles ; a-oxoglutarate, 24pmoles ; NADH, 0.25pmole; all in phosphate buffer; OSIM, pH 7-9, 5 x IO-~M-EDTA, in a total volume of 1.6 ml. The enzyme extract was incubated for 2 min in the presence of a-oxoglutarate and ammonia before the assay which was initiated by the addition of NADH.
NA DP-specijic glutamate dehydrogenase (L-glutamate: NA DP oxidoreductase (deaminating) (EC I .4. I .4). Assays were carried out as above (NADPH, 0*25pmole), except that the pH of the assay solutions were adjusted to 7-2.
Protein (I to 1.5 mg) was precipitated in ethanol and estimated by the method of Lowry, Rosebrough, Farr & Randall (1951) . Crystalline bovine serum albumin was used as protein standard. For convenience of comparison, specific activities are given as percentages of those at the beginning of each experiment.
RESULTS A N D DISCUSSION
When cultures of Candida utilis, growing with glutamate as nitrogen source, were transferred to medium containing glutamine, there was a fall in activity of IGS and GDH,,, (Fig. I a) at a rate faster than could be accounted for by the immediate cessation of enzyme synthesis followed by dilution of existing enzyme by the other cellular proteins produced during continued growth. On resuspension of the culture into glutamate, the levels of both enzymes rose very rapidly : GS to about 9 0 yo of the original steady-state level, and GDHNAD to a level higher than that initially present. NADP-specific glutamate dehydrogenase (GDHNADF) was not subject to rapid changes in activity, although a significant but delayed increase in its level did occur during the experiment.
Inactivation of GS also resulted from the addition of ammonia to yeast with derepressed levels of the enzyme, but the rapidity and extent of such inactivation depended on the level of glutamate in the medium. When glutamate-grown yeast was transferred to medium containing ammonia, either alone, or together with very low levels of glutamate, rapid inactivation of GS occurred (Fig. I b) . If, however, ammonia was added to cultures growing in the presence of high levels of glutamate (Fig. IC) This rapid and apparently reversible decrease in GS activity is very similar to that described in Escherichia coli (Mecke & Holzer, 1966) . In that organism, inactivation is brought about by a specific enzyme which catalyses the adenylation of GS, thereby converting it to a form which is biosynthetically less active (see (a) Exponentially dividing cells of Cundidu utilis growing in culture medium containing glutamate (6 mM) were filtered, washed, and transferred to medium containing glutamine (6 mM). After 2 h. the culture was resuspended in a medium containing glutamate (6 m~) .
At the times shown, enzyme specific activities were measured and are expressed as a percentage of those at the beginning of the experiment.
Ammonia (final concentration 6 m~) was added at the times shown to : (6) a culture of C. utilis previously growing in medium with only low levels of glutamate (0.2 mM at time of addition); 
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Short communication of the Enterobacteriaceae, but was previously believed not to occur in yeasts (Gancedo & Holzer, 1968) . We have also observed rapid inactivation of GS in two other yeasts, Saccharomyces cerevisiae (although here the response was delayed) and Torulopsis candida (Fig. I d ) .
Our results indicate that in yeasts the minimum time required for a 50 yo decrease in activity is about 20 min., whereas in bacteria, comparable inactivation can occur in less than 3 min. after the addition of ammonia (Mecke & Holzer, 1966) . It is this difference in the time required for inactivation that probably accounts for the earlier report that GS in yeast is not subject to enzyme inactivation. Inactivation of GDH,, does not appear to have been previously described.
We have found inactivation of GS only when changed growth conditions have resulted in marked and rapid changes in the relative concentrations of glutamate and glutamine within the cell. Resuspension of glutamate-grown yeasts in either glutamine or ammonia results in a rapid increase in the pool of glutamine and an associated fall in the pool of glutamate (A. P. Sims & A. R. Ferguson, unpublished) . The addition of ammonia to glutamate-grown yeast can lead to a fourfold increase in glutamine, accompanied by a halving of the pool of glutamate; this indicates that on such changes in growth conditions the controls operating on GS and GDHN, are not able to maintain pool homeostasis.
A comparatively rapid and reversible inactivation of GS mediated by changes in the relative concentrations of glutamate and glutamine would provide a coarse but effective means of controlling glutamine synthesis when nutritional conditions are changed. On the one hand it would be sufficiently rapid to prevent excessive diversion of glutamate and ammonia to glutamine with its consequent effects on transamination reactions, yet on the other hand, it would be slow enough to enable extensive build up of a key intermediate, glutamine, under conditions of increased ammonia availability. Inactivation of GDH,, is important in safeguarding the glutamate pool against excessive depletion. In other experiments using (W) NH, (A. P. Sims &A. R. Ferguson, unpublished), we have shown that on transfer of glutamate-grown cells to ammonia there is a rapid formation of glutamine, an extensive depletion of the glutamate pool, and an appreciable delay before glutamate is synthesized from ammonia. Under such conditions, continued functioning of the GDHN, at the rate required when it provided all cellular ammonia could rapidly result in exhaustion of the glutamate pool. Inactivation of this enzyme, as well as of GS, would thus help to maintain, under changing growth conditions, appropriate levels of glutamate and glutamine within the cell.
